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PRELIMINARY RESULTS IN THE USE OF ERADICANT SPRAYS 
FOR PECAN SCAB CONTROL 


Richard H. Converse! 
Introduction 


For a number of years considerable research has been conducted throughout the pecan- 
growing belt of the United States on the control of pecan scab, incited by Cladosporium effusum 
(Wint.) Demaree. Control measures, notably the use of protectant fungicidal sprays, have 
been developed in many States. The disease is still very difficult to control in epiphytotic 
years, and the cost of protectant spraying is a considerable item in pecan production. 

C, effusum passes the winter, according to the studies of Demaree (3), in stromata formed 
on lesions on twigs, nut shucks, and leaf parts. In the spring these stromata produce abundant 
conidia, which serve as primary inoculum. Because the life cycle of the pathogen has seemed 
to warrant it, attention has been given by several workers to the possibility of increasing con- 
trol of scab by practices designed to eradicate the causal fungus during the dormant season. 

Plowing late in the winter to bury overwintered inoculum and other similar sanitary meas- 
ures were advocated by Demaree (3) and thereafter by several other workers. Strong Bordeaux 
mixture (8-8-50) and lime-sulfur (6-50) were used by Demaree (3) at the time of bud break for 
three successive years as dormant sprays without perceptibly reducing the amount of scab. 
Nolen (7) reported that a dormant spray of 1-10 lime-sulfur reduced scab later in the season by 
about two-thirds. The data of Large (5) and Large and Phillips (6) indicate that late-dormant 
applications of 6-6-100 Bordeaux mixture with 1-100 Florida Volck summer oil followed by a 
protectant spray schedule were no more effective in decreasing scab incidence on nuts later in 
the season than comparable amounts of protectant sprays alone. Cole (1) reported inconclusive 
results with 8-8-100 Bordeaux mixture and 1 percent Elgetol sprays applied late in the winter 
to trees of the pecan variety Schley in Georgia. Elgetol has also been used on pecan as a late- 
fall foliage spray in Louisiana2 and as late-winter spray in Oklahoma3, with inconclusive re- 
sults. 

Two other fungicides whichhave been used as eradicants of fungi pathogenic on crops other 
than pecan seemed promising to the author for trial against pecan scab. Monocalcium arsenite 
and some of its formulations, tested by Keitt and his co-workers, e.g. Keitt and Palmiter (4), 
and others, have showed promise for control of certain diseases affecting apple, sour cherry, 
and other crops, including thread blight of fig, incited by Pellicularia koleroga Cke., which 
also infects pecans. Monocalcium arsenite and the chlorophenates were intensively studied by 
Wilson (8, 9) for use as eradicant fungicides for the control of brown rot, incited by Sclerotinia 
laxa Aderh, & Ruhl., and shot-hole of stone fruits, incited by Coryneum beijerinckii Oud. For 
a number of years the former material has been successfully used against brown rot on apricot 
trees in California and the latter against the same disease on almond trees. 


Materials and Methods 


The present study, part of a larger field test described by Converse (2), was conducted in 
1953 in a grower's orchard near Paden, Okfuskee County, Oklahoma, an 21-year-old trees of 
the very scab-susceptible variety Squirrel. Attached nut shucks were dislodged from experi- 
mental trees before sprays were applied. Sources of primary inoculum. therefore consisted of 
numerous twig lesions in the trees and an abundance of scabbed nut shucks and leaf parts on the 
ground beneath the trees, which were left uncultivated. Four single-tree plots were used for 
each treatment in a randomized block design. All data except those on sporulation of stromata 
were subjected to analyses of variance. 

No attempt was made to use eradicant sprays alone. All trees used in the test received 
five applications of ziram (2 lbs. of Zerlate/100 gal.) during the growing season. The pertinent 
information concerning the eradicant fungicides used is presented in Table 1. Trees receiving 
the five protectant sprays but no eradicant spray served as controls. All sprays were applied 


1 Grateful acknowledgement is made to Mr. N. A. Cotner, Stillwater, Oklahoma for his assistance 
in taking data. 

2Smith, C. L. Personal communication on unpublished results. 

3 Hinrichs, H. A. Personal communication on unpublished results. 
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Table 1. Composition and final concentration of three eradicant fungicides tested 
at Paden, Oklahoma, 1953. 


Eradicant : Trade name : Final concentration 
: per 100 gallons 
of water 
80% monocalcium arsenite Corona monocalcium 
arsenite CM 220 3 lbs. 
19% sodium dinitro-ortho- 
cresolate, 5% sodium butyl Elgetol 1 gal. 
naphthalene sulfonate 
and 2% sodium chromate Elgetol 1 gal. 
37% sodium pentachloropehnate United Chemical Co. 
and 5.5% sodium salts of other Dormant Fungicide 
chloropehnols (Dustless) 4 lbs.# 


& Plus 1 gallonof Dendrol dormant oil emulsion. 


with conventional high-pressure hydraulic equipment. On March 21, 1953, just before bud 
break, the eradicants were sprayed on the trees and on the ground within an area 30 feet in 
diameter immediately around the trees at the rate of 50 gallons per tree, The five subsequent 
protectant sprays were applied April 25 and at 3-to 5-week intervals thereafter until August 21. 

Scabbed nut shucks and leaves that had overwintered on the orchard floor and scabbed twigs 
from trees were used for sporulation-level determinations. These overwintered materials 
were obtained at random from the spray plots. They were washed, incubated in a moist atmos- 
phere out-of-doors for 48 hours, and classified on a four-point scale based on the number of 
sporulating stromata of the scab fungus. About 10 subsamples per tree were obtained from 
each of two or three trees per treatment. The percentage germination of spores produced on 
overwintering stromata was found by streaking spores on agar and making counts after incuba- 
tion at 25°C for 48 hours. 

During the growing season, development of scab on nuts was traced by means of lesion 
counts on five tagged nut clusters chosen at random on each tree on all the trees in the test. 
Near the end af the growing season estimates of the percentage of shuck area which was scab- 
bed were used in place of lesion counts because the lesions had become so numerous. The co- 
efficient of correlation between area-scabbed estimates and actual lesion counts of a number of 
nut samples was highly significant (r =+ 0.800; 99% confidence limits: + 0.723 and+0.857). 

The sporulation level of overwintered scab stromata and the germinability of spores pro- 
duced are presented in Table 2. The sporulation level in the case of two of the three eradicants 
was not reduced materially one week after the eradicant had been applied. After four weeks, 
sporulation on eradicant-sprayed twig lesions was virtually eliminated while that on nut shucks 
was markedly reduced by all eradicants tested. Sporulation on leaf stromata, unsprayed as 
well as sprayed, was at a constant low level. The germination of spores produced on over- 
wintered stromata seemingly was unaffected by the eradicant treatments, with the possible ex- 
ception of spores from lesions sprayed the week before with pentachlorophenate. 

As the growing season progressed, the number of scab lesions on nut shucks increased on 
all trees, but the increase was greater on control than on eradicant-sprayed trees (Table 3). 
By August 28, the shuck-scab level on the monocalcium arsenite plots was only one-fourth that 
on control plots, a highly significant difference. There were more scab lesions on shucks 
treated with the other two eradicants but the numbers were highly significantly less than those 
on shucks from control trees. In the period from August 28 to September 25, when final data 
were taken, differences in scab level on the nut shucks between eradicants and the control be- 
came less pronounced. By the end of the season monocalcium arsenite was the only eradicant 
that gave significantly better results than the control. 

None of the eradicants tested produced any noticeable symptoms of phytotoxicity on the 
Squirrel pecan trees used in the test. 
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Table 2. Influence of eradicant sprays on the production and germination of spores from 
overwintered stromata of Cladosporium effusum on pecan shucks, leaves, and 


twigs obtained from the variety Squirrel, Paden, Oklahoma, March to April, 


1953. 
Date of examination and : Sporulation leve!* ; Spores germinating (percent) 
eradicant sprays :: Shucks : Leaves : Twigs Shucks : Leaves : Twigs 
March 21:> 
Monocalcium arsenite 2.8 Loe 80.8 73.0 
Dinitro-ortho-cresolate 2.4 0 87.0 
Pentachlorophenate 2.2 1.0 90.6 92.2 
None 2.4 0.7 92.5 33.0 
Average 2.5 0.7 88.2 82.0 
March 28:° 
Monocalcium arsenite 2.0 0.2 88.2 
Dinitro-ortho-cresolate 0 90.0 
Pentachlorophenate 0.7 0.1 67.6 
None 2.6 0.2 86.5 90.0 
April 18:4 
Monocalcium arsenite 1.5 0 0.1 92.4 75.0 
Dinitro-ortho-cresolate 1.6 0 0.3 89.6 80.6 
Pentachlorophenate at 0 0.3 87.2 95.0 
None 2.5 0.1 3.0 87.7 100 87.5 


aSporulationratings: 0, none; 1, lor2;2, 3-10; 3, more than 10 sporulating stromata per 


85x stereoscopic microscope field. 

b Just before application of eradicants. 

C 1 week after application of eradicants,. 
d 4 weeks after application of eradicants. 


Table 3. Increase in scab lesions on nut shucks of the pecan variety Squirrel given various 


eradicant-spray treatments, Paden, Oklahoma, 1953. 


Eradicant spray Number of lesions 
per nut shuck on- 


Area scabbed on shucks 
of mature nuts on Sept. 25 


: June 25 : July 28 : Aug. 28 : Percent 


Equivalent angle@ 


Monocalcium arsenite 0 3.70 45.6 
Dinitro-ortho-cresolate 0 2.44 
Pentachlorophenate 0 1.15 70.5 
None 0 6.22 1633 
L.S.D. (5% level) 5.46 51.0 
L.S.D. (1% level) 73.4 


21.4 26.6 
29.7 32.1 
34.1 35.5 
47.6 43.0 

15.9 


® The equivalent angle is equal to thearc sineof the square root of the given percentage. 
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Discussion 


The results herein reported are based on a one-year study when the season was favorable 
for the development of scab on pecan nut shucks but not on pecan foliage. The conclusions 
drawn are necessarily preliminary and exploratory. 

When scab incidence is used as the basis for comparisons of eradicant-spray treatments, 
the influence of eradicant sprays in lowering lesion counts below those on the control becomes 
apparent, The limited ground area sprayed and the contiguity of dormant-sprayed and un- 
sprayed trees might have been expected to obliterate any initial lowering of the primary inocu- 
lum level by subsequent cross-infection from secondary inoculum. Such cross-infection ap- 
parently did not occur very readily. This may be explained by the fact that the conidia of the 
scab fungus seemingly are not wind-borne for any great distance. Spore-trap data (obtained 
from the variety Squirrel, at Stillwater, Oklahoma), which the author has been collecting for 
two years in connection with an epiphytological study, indicate a rapid decrease in the number 
of C. effusum spores as collections were made beyond the limb-spread of the tree. 

It is possible that failure to wet all parts of the overwintered material thoroughly with era- 
dicant accounted in part for the inability of these eradicants to suppress sporulation on over- 
wintered stromata more completely and for the increase in scab level encountered later in the 
season. 

It is realized that much more information will be needed before the economic value of 
eradicant fungicides for pecan scab control can be assessed. Eradicant-spray investigations 
are being continued at this Station. 
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THE EFFECT OF CANDICIDIN ON PLANT PATHOGENIC FUNGI 


Stanley M. Alcorn! and Peter A. Ark2 


The first report of candicidin, a new antifungal antibiotic, appeared in 1953(4). The anti- 
biotic is derived from a strain of Streptomyces griseus. It consists of two main fractions of 
which fraction A is soluble in water. Both fractions appear to exhibit equal potency against 
fungi. Candicidin shows optimum activity between pH 7 and 8 and the efficiency is enhanced by 
a high concentration of sodium chloride. De Chevalier, et. al. (4) list a large number of fungi 
that proved sensitive to candicidin A. Kligman, et.al. (3) investigating the activity of candici- 
din against representative species causing moniliasis and blastomycoses reported differences 
in responses of various fungus species and strains to the antibiotic. Thus, to be completely 
inhibited, strains of Candida albicans required from 0.5 to 2.5 /4/ml., while Coccidioides im- 
mitis, Trichophyton mentagrophytes, Microsporum canis and Epidermophyton floccosum re- 
quired 500 /4¥/ml. for a complete inhibition of growth in vitro. Weekly applications to bean 
plants of the crude antibiotic at the rate of 660 p.p.m. were reported to be non-toxic (4). 


Materials and Methods 


Dilutions of a semi-crude preparation of candicidin? were made with tap water from stocks 
of 1:5000. A suspension was present in the stock and lower dilution ranges. The pH of these 
dilutions usuaily ranged from 6.8 at 1:5000 to 8.8 for 1:80,000. For in vitro tests fresh stock 
suspensions were prepared at three-day intervals and at three- to seven-day intervals for in 
vivo tests. The semi-crude antibiotic and suspensions were kept under refrigeration (approxi- 
mately 5° C) between periods of use (4). 

In vitro germination tests were made on spores of Botryotinia fuckeliana(from grapes) and 
Monilinia fructicola (from peach) from 4 to 8 day old cultures grown on potato-dextrose-agar at 
room temperature (approximately 23°C). Smut spores (probably Sphacelotheca cruenta) were 
collected from Johnson grass, Holcus halepensis. Urediospores of a Puccinia sp. were freshly 
collected from heavily infected leaves of Elymus triticoides. Urediospores of bean rust, Uro- 
myces phaseoli, were from approximately two week old pustules on inoculated Pinto bean 
(Phaseolus vulgaris), while those of carnation rust (Uromyces caryophyllinus) and snapdragon 
rust (Puccinia antirrhini) were from naturally infected greenhouse plants. 

The in vitro germination tests were made on agar plates (1, 2, 5). To each plate, contain- 
ing 10 ml. I. of 2 percent water agar was added 5 ml. of a suspension containing 5 ml. of the stock 
spore suspension in tap water (sterile water was used for stock spore suspensions of Botryotinia 
and Monilinia) and 5 ml. of twice the final desired concentration of candicidin. Check plates 
were flooded with 5 ml. of the stock spore suspension diluted with 5 ml. tap water. Plates were 
rotated so that the surfaces were completely covered by the suspension; the excess was dis- 
carded, and after briefly slanting for drainage, the final suspension drops were pipetted off the 
plates. The time that elapsed from the addition of candicidin to the spore suspensions to the 
final removal of the excess liquid from the plates was not longer than 15 minutes for a series of 
five to six plates. 

Plates were incubated from 16 to 24 hours at 19°C. for Puccinia sp., Sphacelotheca cru- 
enta, and Uromyces phaseoli and at 13°C for Puccinia antirrhini and Uromyces caryophyllinus. 
Incubation of Botryotinia fuckeliana and Monilinia fructicola spores was carried out at room 
temperature. 

For each test usually between 200 and 300 spores were counted under the low power. Spores 
which showed any evidence of a germ tube were considered as germinated. The results re- 
ported are those for three or more tests. The percentages given are those of the total germi- 
nated spores of the total counted spores for the indicated number of tests. During several se- 
ries of experiments the effect of tap water suspensions of Dithane Z-78 on the germination of 
the urediospores from the Puccinia sp. from Elymus was compared with that of candicidin. 

In vivo studies of the protective effects of candicidin against bean rust were made on the 


1 Merckand Company Post Doctorate Fellow inPlant Pathology. 

2 Professor of Plant Pathology, University of California, Berkeley 4, California. 
3 The semi-crude canidcidin(54R2385) was furnished by Merck and Company through the courtesy 
ofDr. JohnD. Garber. 
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Table 1. In vitro effect of candicidin on spore germination of certain fungi. 


Concentration 
Fungi Counts *1:100,000 : 1:200,000 1:400,000 1:800,000 1:10,000 :1:20,000 : 1:40,000 1:80, 000 


FACULTATIVE PARASITES 


Botryotinia fuckeliana Check: 
Total spore count 1375(6)@ 1375(6)  1375(6) 1375(6) 
% germination 95.0 95.0 95.0 95.0 
Treated: 
Total spore count 1446(6) 2835(6)  1495(6) 1396(6) 
% germination 2.38 7.59 39.4 59.6 
Monilinia fructicola Check: 
Total spore count 1242(6) 1262(5) 1497(5) 1726(7) 1221(5) 
% germination 90.0 90.8 93.2 92.4 90.2 
Treated: 
Total spore count 1132(5) 1344(5) 1532(5) 1723(7) 1010(5) ) 
% germination 1.51 16.86 24.0 59.9 84.7 / 
Sphacelotheca cruenta(?) Check: } 
Total spore count 715(3) 715(3) 715(3) 715(3) 
% germination 79.8 79.8 79.8 79.8 : 
Treated: 
Total spore count 761(3) 780(3) 825(3) 827(3) 
% germination 79.8 79.5 81.8 74.5 
OBLIGATE PARASITES - UREDIOSPORE GERMINATION TESTS. 
Puccinia antirrhini Check: \ 
Total spore count 1019(4) 735(3) 994(4) 1414(6) 676(3) , 
% germination 72.75 73.5 72.6 72.4 71.5 
Treated: | 
Total spore count 1059(4) 747(3)  1089(4) 1593(6) 728(3) 
% germination 2.55 6.3 29.2 52.2 97.2 
I 
Puccinia sp. Check: 
Total spore count 2206(9) 702(3) 998(4) 1975(8) 758(3) 1508(6) ' 
% germination 60.8 62.0 61.7 61.0 60.5 61.6 E 
Treated: 1 
Total spore count 2294 553 1065 2037 663 1698 ; 
% germination 7.63 9.11 11.74 22.85 31.0 57.8 é 
) t 
Uromyces car, llinus Check: 
Total spore count 1123(5) 1117(5) 1123(5) 911(4) 878(4) I 
% germination 55.2 61.9 55.2 66.0 55.8 ‘ 
Treated: 
Total spore count 1080(5) 1193(5) 1233(5) 1069(4) 882(4) c 
% germination 4.26 7.71 24.5 36.95 50.7 
Uromyces phaseoli_ Check: 
Total spore count 666(3) 694(3) 1724(7) 1846(6) 1718(7) 1255(5) = 128 4(5) 
% germination 77.0 78.3 75.0 74.3 79.8 78.2 76.2 
Treated: 
Total spore count 755(3) 784(3) 1550(6) 1559(6) 1476(5) 128 4(5) a 
% germination 2.65 511 3.6 4.97 27.4 46.8 57.4 ) © 
@ Numbers in parentheses indicate the number of experiments represented by the data. oO 
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Table 2. Comparison of the effect of Dithane Z-78 and of candicidin on urediospore 
germination of a Puccinia sp. from Elymus triticoides. 


Candicidin : Dithane Z-78 
Concentration : Total Percent : Total : Percent : Remarks 
of chemical : spore : germination : spore : germination : 
: count count 
1:2000 -- -- 1253(4) 13.07 Check (water): 
1:10, 000 1136(4)2 9.94 1007(4) 24.1 Total spore count - 
1:50, 000 -- -- 1114(4) 26.05 981. 
1:80, 000 1026(4) 25.5 -- -- % germination 
1:100, 000 -- -- 795(3) 37.6 62.7 
1:400, 000 995(4) 57.3 -- -- 


a Numbers in parentheses indicate the number of experiments represented by the data. 


primary leaves of Pinto beans (Phaseolus vulgaris). Usually four plants (two plants per plot) 
were used for each test with results reported for tests repeated two or more times. Both sur- 
faces of the primary leaves were sprayed with the desired concentration of a tap water suspen- 
sion of candicidin, to which was added the wetting agent Triton B 1956 at the rate of 1:6000. 
Checks were sprayed with tap water plus the wetting agent. Sprays were applied with a De Vil- 
bis hand atomizer until the leaves started to drip. A De Vilbis atomizer attached to a pressure 
line was used for inoculating both leaf surfaces of the primary leaves with urediospores from 
approximately two week old uredinia sori of Uromyces phaseoli. Inoculated plants were incu- 
bated in garbage can moist chambers for 18 to 24 hours at greenhouse temperature. Appropri- 
ate checks were included in each can. Pustule counts were made 10 to 12 days after inocula- 
tion in one centimeter square areas of the most heavily infected portions of the leaves. One 
reading was made per leaf and usually only one reading per plant for a total of three readings 
per test. Results are presented as percentage control based upon the total number of pustules 
counted on the treated plants for the indicated number of tests, as compared with the check. 


Discussion of Results 


Semi-crude candicidin is shown to have a marked effect on urediospore germination as well 
as on the germination of spores of Botryotinia fuckeliana and Monilinia fructicola. The results 
of the in vitro spore germination tests (Table 1) show that inhibition of germination of 90 percent 
or more of the spores of the following fungi was effected at the indicated concentrations of 
candicidin: Botryotinia -- 1:20,000; Monilinia -- 1:10,000; Puccinia antirrhini -- 1:20, 000; 
Uromyces phaseoli -- 1:100,000; Uromyces caryophyllinus -- 1:20,000. The data suggest that 
in the middle dilution ranges the urediospores of Uromyces phaseoli are more sensitive to the 
effect of candicidin than are those of other treated rusts. Such apparent differential suscepti- 
bility to candicidin seems to be in conformity with the observations on other fungi by Kligman 
et. al.(3). Under the conditions of our experiments, however, candicidin was not effective in 
preventing germination of the spores of the smut (Sphacelotheca cruerita) collected from Holcus 
halepensis. 

The effect reflected by the comparative in vitro tests on the urediospore germination of a 
Puccinia sp. seems to equal or surpass that of Dithane Z-78 at the lower dilutions. Candicidin 
at 1:10, 000 inhibited approximately 84 percent of the urediospores of the Puccinia sp. from 
Elymus triticoides, as compared to 62 percent inhibition by Dithane Z-78 for the same experi- 
mental series (Table 2). 

As a protectant against urediospore infection of Uromyces phaseoli on Pinto bean, crude 
candicidin was able to give excellent control of bean rust in dilutions above 1:20,000. When 
translated to actual in vivo protection of beans against infection by the urediospores of Uromyces 
phaseoli single spray applications of 1:5000 candicidin are apparently quite effective in reducing 
the disease when applied up to three days before inoculation (Table 3). Because of solubility 
difficulties, tests of candicidin at higher concentrations were not made. No phytotoxicity was 
noted on either the primary leaves or subsequent terminal growth of any of the bean plants 
treated under our experimental conditions, with either single or double applications of 1:5000or 
higher dilutions of candicidin. . 
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Summary 


In vitro germination studies on water agar plates show that at 1:10, 000 semi-crude candici- 
din inhibited the germination of 90 percent or more of the spores of Botryotinia fuckeliana, Mon- 
ilinia fructicola, Puccinia antirrhini, Uromyces caryophyllinus, and Uromyces phaseoli. 
When treated with 1:10, 000 candicidin in vitro the germination of approximately 84 percent of 
the urediospores of a Puccinia sp. on Elymus triticoides were inhibited while Dithane Z-78 at 
the same concentration inhibited the germination of approximately 62 percent of the uredio- 
spores. Single spray application of candicidin at 1:5000 applied three days before inoculation 
reduced infection of Uromyces phaseoli in Pinto bean by approximately 90 percent, as did 
1:10, 000 candicidin when applied 72 and 24 hours before inoculation. No injury was noted in 
the treated or subsequent growth of Pinto bean plants sprayed with one or two applications of 
1:5000 or higher dilutions of candicidin. 
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CERCOSPORELLA FOOT ROT OF WINTER WHEAT IN NEW YORK 


R. A. Shoemaker and L. J. Tyler! 


The purpose of this report is to record the presence of Cercosporella foot rot of winter 
wheat in New York State. The pathogen, Cercosporella herpotrichoides Fron, was isolated 
first from Cornell 595 wheat collected in Tompkins County, New York, June 1, 1953. This 
specimen is preserved in the Herbarium of the Plant Pathology Department at Cornell University a 
under the accession number 44481. It is believed that this is the first report of the occurrence 
of C. herpotrichoides in this area. 

For comparison, a specimen of wheat affected by Cercosporella foot rot was obtained from i 
the State of Washington through the courtesy of Dr. Jack P. Meiners of Washington State Col- th 
lege. This specimen is filed in the Cornell Herbarium under accession number 44455. 

Symptoms of the disease on wheat grown in New York are similar to those on the Washing- ( di 
ton material. The lesions occur on the lower portion of the culm, underneath the leaf sheaths. | 
New York material collected early in the spring also exhibited well defined lesions on the low- 
ermost leaf sheaths. The margin of the elliptical lesions formed on the base of the stem is 
brown and the central portion is light tan. The most conspicuous macroscopic sign is a brown 
stroma that forms on the central portion of the lesion. (F 

C. herpotrichoides was isolated from the Washington specimen and used in a comparison \ 
with the New York isolate. Examination of the stromata, conidiophores and primary and sec- 
ondary conidia revealed no essential differences between the two isolates. Both isolates grew | 
slowly on artificial media and produced grey mounds of mycelium; both sporulated readily when 
cultures were alternated between sub-zero temperatures and 16° C, 

Pathogenicity of the New York isolate was demonstrated by inoculating greenhouse-grown 
plants of Cornell 595, Genesee and Yorkwin wheats and of Mohawk oats with a suspension of 
fungous mycelium. Symptoms produced on the plants grown in the greenhouse were like those 
observed on wheat plants naturally infected in the field. C. herpotrichoides was reisolated from 
the artificially inoculated plants by planting stromatal tissue obtained from culm lesions ona ) 
nutrient agar medium. 

Examination of Cornell Herbarium specimens of wheat affected by foot rot causing organ- 
isms revealed accession 34102 labeled Rhizoctonia solani Kuehnon the Yorkwin variety. This 
fungus is said to cause the sharp eye spot type of foot rot. Since the lesions caused on wheat 
by R. solani and by C. herpotrichoides are similar in form the two diseases could be confused. 
Inspection of the above specimen revealed stromata which are characteristic of C. herpotrich- 
oides. From this it appears that specimen 34102, collected June 20, 1944, is the earliest New 
York collection of the Cercosporella foot rot fungus on wheat. 

A survey of some western and central New York winter wheat fields was made in May, June 
and July, 1954. Symptoms of Cercosporella foot rot were seen on wheat in 25 counties that 
were visited and in all but a very few fields that were examined. The counties in which the dis- 
ease was found are: Ailegany, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chen- 
ango, Cortland, Erie, Genesee, Livingston, Madison, Monroe, Niagara, Onondaga, Ontario, | 
Orleans, Schuyler, Seneca, Steuben, Tioga, Tompkins, Wayne, Wyoming and Yates. } 

Fifty isolates with growth habits like those of C. herpotrichoides have been obtained from 
cereal plants collected during the survey in 1954. So far, 16 of these isolates have been in- 
duced to sporulate; they all confirm the initial identification. 


DEPARTMENT OF PLANT PATHOLOGY, CORNELL UNIVERSITY, ITHACA, NEW YORK 
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OCCURRENCE OF POLYMYXA GRAMINIS IN 
ROOTS OF SMALL GRAINS IN THE UNITED STATES 


M. B. Linford! and H. H. McKinney” 


Polymyxa graminis Ledingham is a plasmodiophoraceous parasite of the roots of wheat, 
barley and rye that appears to have been reported only from southeastern Ontario. It now has 
been found in wheat fields in Illinois and in pot-culture materials derived from collections made 
in Virginia, Iowa, Kansas, and Oklahoma. In addition to hosts formerly reported it has been 
found in roots of spelt and emmer. 

Ledingham, who collected this fungus first in 1929, characterized it briefly in 1933 (2) and 
then, in 1939 (3) described in detail its morphology, cytology, life history and host-parasite 
relationships. He recorded the absence of hypertorphy or other obvious external symptoms of 
disease, a fact that may help to explain the failure of other investigators to look for it or, at 
least, to report the wider occurrence of this inconspicuous obligate parasite. 

During a cooperative search for any organism that might serve as a vector and reservoir 
of the soil-borne viruses of wheat, the characteristic clusters of resting spores of Polymyxa 
graminis were found in roots that had been cleared in lacto-phenol and stained with acid fuchsin 
(Fig. 1). Specific search for it has been limited largely to materials of two types: field col- 
lections of mosaic-infected wheat, and pot cultures of wheat or spelt developed as part of a long- 
term investigation of the soil-borne virus problem at Beltsville, Maryland (4, 6), in coopera- 
tion with several States in which these soil-borne wheat viruses occur. 


FIGURE 1. Clusters of resting spores of 
Polymyxa graminis in rootlets of field-grown wheat, 
stained with acid fuchsin in lactophenol. A -- x about 
150. B -- x about 413. C -- x about 600. 


1 Professor of Plant Pathology, Department of Horticulture, Illinois Agricultural Experiment 
Station, Urbana, Illinois. 


2 Plant Pathologist, Field Crops Research Branch, Agricultural Research Service, U. S. Depart- 
mentof Agriculture, Beltsville, Maryland. 
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Records of occurrence of Polymyxa graminis presented here are all based upon finding the 
characteristic clusters of resting spores within the root cells, usually accompanied by immature 
stages. All identifications have been made by one observer (Linford) who has had the benefit of 
comparison with material of known identity kindly furnished by G. A. Ledingham. Zoosporangial 
stages were not found in the original collections but have since been seen in both field and pot- 
culture material. This includes cultures of spelt in a sterilized sandsoil mixture that had been 
infested by adding roots in which only the resting spore stage had been recognized. 

Roots to be examined have been washed thoroughly in water, then boiled approximately 2 
minutes in lacto-phenol containing sufficient acid fuchsin to stain the apical primordia deeply 
while staining normal cortical cells only slightly. The roots have been rinsed in distilled water, 
blotted on a paper towel, spread thinly in clear lacto-phenol in a Petri dish, and examined mi- 
croscopically after allowing several hours for the roots to come to equilibrium with the lacto- 
phenol. } 

Search for infected rootlets has been with the stereoscopic microscope chiefly at magnifica- 
tions of x 24 and x 36, followed by confirmatory examination with the compound microscope, } 
Recognition at low magnification is facilitated by illumination both from the substage mirror 
and with a beam of light directed downward onto the root to accentuate the red stain color in 
Opaque clusters. 

In some samples, this fungus has been abundant in many rootlets; in others it has been 
detected in very few rootlets after long search. Other organisms have been seen in most sam- ) 
ples, including various combinations of nematodes, Pythium or other oomycetes, an endotropic 
mycorhizal fungus, and other mycelial and non-mycelial fungi. | 

During April 1952, when composite samples of wheat roots and soil were collected3 from 
areas of severe mosaic in four fields lying in Christian, Macon and Sangamon Counties, Illinois, 
spore clusters of Polymyxa graminis were moderately abundant in the roots of all samples. | 
When Red Winter spelt was grown in pots of these soils, chiefly within the temperature range 


of 60° - 65° F., the fungus developed freely within the roots. These samples focused attention > 
upon this fungus, leading to search for it in other collections. 
P. graminis was found in all nine plants collected from a wheat-mosaic area in Campaign ) 


County, Illinois in the spring of 1953. It was found in four of the five plants of Vernal emmer, 
showing mottle mosaic, that were collected from an area of naturally occurring mosaic on the | 
University of Illinois Agronomy South Farm at Urbana on May 7, 1954. The exception was a 

plant from which most of the roots were lost. P. graminis was found in all 18 wheat plants col- 
lected in this area, representing four varieties and selections. These included both severely 
rosetted and apparently mosaic-free plants of Harvest Queen, five healthy-appearing plants of 

a rosette-immune selection from Harvest Queen (6) and mottled plants of two other varieties. ) 

On the same day and again on May 10 and 11, samples were taken from a planting of ap- 
parently normal Knox wheat in a field on this farm in which mosaic has never been recognized. 
Single-plant samples and a series of composite samples indicated that Polymyxa graminis is 
distributed abundantly throughout most of the 200-foot length of the rows. 

Beginning in 1950 but chiefly during May 1952, pot-culture samples of wheat and spelt and 
also some field-plot samples of small grains were supplied from Beltsville, Maryland, by Mc- 
Kinney, for examination in Illinois. Each sample consisted of crown and roots from one or } 
more plants, with some of the sand or soil in which they had grown. A few of the samples, 
were too small or were allowed to deteriorate so that examination was difficult. Failure to find 
Polymyxa graminis in such samples does not prove its absence from the plants. 

BP. graminis was abundant in one of the two first samples of mosaic in spelt examined for 
nematodes in 1950, but was not detected until preserved specimens were reexamined after the 
fungus had been identified in field samples. Notes ona third mosaic culture from Beltsville 
that year recorded presence of "one of the Plasmodiophorales" in the absence of stylet-bearing 
nematodes. 

Two samples of oats from field plots at Beltsville, one of them infected with a mosaic virus 
distinct from that of wheat (5), were apparently free from P. graminis. Ledingham (3) reported 
that oats had not been infected by this fungus. 

One of two wheat samples from a virus-free plot at Beltsville, contained a Polymyxa-like j 
organism with resting spores in more numerous but smaller clusters, and relatively more 
numerous in root hairs, than typical of P. graminis in the other materials seen during this 


3 Collection of samples from Illinois fields has been facilitated by the cooperation of W. M. Bever 
and Benjamin Koehler. 
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study. The other sample was free from such organisms. 

Two other Beltsville field-plot samples, collected in May 1952, are of special interest be- 
cause no P. graminis could be found in them although they came from a plot very heavily in- 
fested with the mosaic virus. One was of mosaic-diseased spelt; the other was a mosaic-"im- 
mune" wheat, Illinois 36-686 (1). Numerous samples of mosaic spelt from this same plot in 
1954 failed to reveal the fungus. 

P. graminis was found in nine of the 12 pot cultures of wheat or spelt infected with mosaic, 
supplied by McKinney in May 1952. These included mosaic plants grown in pots of soil col- 
lected from virus-infested fields in Virginia, Iowa, Kansas and Oklahoma. They also included 
plants from three treatments of a sand-culture experiment with lime, utilizing a composite of 
previously infested sand cultures. 

Polymyxa graminis was found in only 2 of 7 mosaic-free pot cultures. One of these had 
been infested with nematodes before an earlier planting of spelt, the nematodes having been a 
mixture of tylenchids separated from soil from a wheat mosaic field in Illinois. The fungus 
probably was introduced with those nematodes. The second instance of finding P. graminis in 
a mosaic-free sample was from a treatment of the sand-culture experiment mentioned above 
where lime added to the sand before planting appeared to prevent mosaic infection but did not 
eliminate this fungus. 


Discussion 


Observations indicate that Polymyxa graminis is widely distributed in this country in fields 
infested with the soil-borne mosaic virus of wheat, and that it also may occur in virus-free 
wheat fields. It develops freely in pot cultures of wheat and spelt in either sand or soil main- 
tained at 60° - 650 F., the temperature range indicated by Ledingham (3) as favoring heaviest 
infection by this fungus. This temperature also is favorable for the experimental development 
of the mosaic disease. 

Although these investigations have been made in connection with the soil-borne wheat-virus 
problem, there is no evidence that Polymyxa graminis can function as a virus vector or asa 
reservoir host. Association recorded here between this fungus and the mosaic disease is im- 
perfect. Mosaic cultures in which this fungus has not yet been found are being studied care- 
fully for further evidence against the fungus as a vector. Also, however, cultures of this fungus 
from apparently virus-free sources are being developed in Red Winter spelt for the purpose of 
testing it for ability to serve as a virus vector. 
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WHEAT STREAK MOSAIC FOUND IN WASHINGTON 


Jack P. Meiners and H. H. McKinney! 


Wheat streak mosaic was found in the wheat breeding nurseries of the Washington Agricul- 
tural Experiment Stations at Pullman, Washington in June, 1954. This appears to be the first 
report of a virus disease on wheat in the Pacific Northwest. 

Attention was first called to the disease when a severe infestation developed in portions of 
the winter and spring wheat breeding nurseries. It appeared to have spread from winter wheat 
growing in a roadway adjacent to the breeding plots. Nearly all of the plants were diseased 
adjacent to the raodway, with a gradual diminishing of the infestation away from this apparent 
source of infection. 

The symptoms of the disease were virtually identical with those described for wheat streak 
mosaic (2, 6). On the leaves, they varied from faint chlorotic streaks through more intense 
yellow streaking and mottling to a chlorosis of the entire leaf surface. Most of the affected 
plants were more or less stunted, the amount of stunting evidently being dependent upon the re- 
action of the variety or upon the age of the plant at the time of infection. When the disease was 
suspected to be of virus origin, inoculations tests were made by the carborundum rub-method 
(3). Spring wheat plants in the 3-10 tiller stage in a portion of the nursery where no diseased 
plants could be found were selected for inoculation. Of 28 plants inoculated with juice from the 
leaves of diseased plants, 27 showed symptoms of streak mosaic after two weeks. Eight ad- 
ditional plants were inoculated with juice from wheat plants showing no mosaic symptoms; 7 of 
these plants remained free of symptoms of the disease after 2 weeks. At the same time, none 
of the surrounding uninoculated plants developed symptoms of the disease. Symptoms on the 
inoculated plants were similar to those in the original collection and similar to those described 
for wheat streak mosaic. 

Diseased leaves of wheat sent to the Cereal Crops Section, Beltsville, Maryland, showed 
typical streak-mosaic markings. Inoculum from these was used to inoculate greenhouse-grown 
seedlings of Michigan Amber wheat, smooth crabgrass (Digitaria ischaemum), Golden Giant 
sweet corn, and lambsquarters (Chenopodium album). Culture after inoculation was ina green- 
house during late July and August, with the daily maximum temperature ranging from 85° to 93° 
F. Systemic signs were expressed in all of the 56 wheat seedlings the 4th to the 8th day; in all 
of the 10 smooth crabgrass seedlings the 7th to the 9th day; and in 12 out of the 21 sweet corn 
seedlings the 7th to the 18th day following inoculation. The lambsquarters plants did not be- 
come infected. 

Infection in wheat at high summer temperatures, infection in smooth crabgrass and in 
sweet corn, precludes the soil-borne cereal viruses now known. Lack of infection in lambs- 
quarters precludes the barley stripe-mosaic virus and the brome grass-mosaic virus. The 
symptoms were typical for those induced by the wheat streak-mosaic virus, and did not suggest 
those induced by the barley stripe-mosaic virus or the brome grass-mosaic virus in green- 
house-culture. 

Stripe mosaic (false stripe) of barley was present in an adjacent barley nursery. Inocula- 
tions also were made on wheat plants with this virus, and these plants developed stripe-mosaic 
symptoms (1, 4, 5) within 10 days. 

A brief survey of wheat and barley fields in the Pullman area of Washington failed to dis- 
close the presence of streak mosaic or stripe mosaic; it therefore appears possible that the 
1954 infestation in this region was confined to the breeding nurseries. 
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SOURCES OF RESISTANCE TO PYRENOPHORA BROMI 
AMONG SPECIES OF BROMUS 


H. L. Carnahan and J. H. Graham! 
Abstract 
In greenhouse inoculations of 19 species of Bromus, high resistance to Pyrenophora bromi 


was found to be limited to some of the weedy annuals. The moderately resistant tetraploid, B. 
sibiricus, offers the only source of resistance discovered in the section containing B. inermis. 


Smooth bromegrass, Bromus inermis Leyss., is an important forage species in the United 
States but unfortunately it is susceptible to the brown leaf spot fungus, Pyrenophora bromi. 
Many breeders have observed variations in reaction to P. bromi among bromegrass plants, 
however, observations on polycross progenies in the Northeastern United States indicate that 
selection for resistance within the species has not resulted in marked improvement over that 
achieved in the variety Lincoln. It seemed desirable to determine the reaction of other species 
of Bromus to this disease for sources of resistance. 

Interspecific hybridization for the purpose of transferring disease resistance has been suc- 
cessful as is illustrated by the work on tobacco and other plants. Clayton (1) has briefly re- 
viewed the successes and difficulties of incorporating disease resistance into Nicotiana tabacum 
from distantly related species. He concluded that monogenic dominant resistance from dis- 
tantly related species, once established in the tobacco genome, can be used far more rapidly 
and with fewer complications than can polygenic resistance of the cultivated species. 

According to Sprague (3), P. bromi has been reported on the following species of Bromus: 
B. inermis Leyss., B. carinatus Hook. and Arn., B. ciliatus L., B. japonicus Thunb., B. 


pumpellianus Scribn., B. rigidus Roth, B. secalinus L., and B. tectorum L. No mention was 


made, however, of the relative susceptibility of these species. 


Materials and Methods 


Seedlings of each of the species listed were planted in August in pots in sterilized soil and 
grown in the greenhouse. Four plants of each species or source were inoculated in November. 
The source and section of species of Bromus tested appear in Table 1. 

In addition two pots of seedlings (10 to 15 per pot) in the 3 to 5 leaf stage of all species ex- 
cept B. "erectus" were inoculated with macerated agar cultures of P. bromi. B. pumpellianus 
Scribn. was included in this test. 

Isolates of P. bromi from smooth bromegrass grown on the Pennsylvania State University 
Farms were used in the study. Inoculum was prepared by growing the fungus on a sterile 
wheat-oat mixture (2:1) in 250 ml. flasks and on potato dextrose agar in Petri dishes. The 
grain cultures were incubated at 20° C. for 3 weeks then stored at 5° C. for approximately 16 
weeks. During storage the flasks were exposed to diffuse light at room temperature for short 
periods. The agar cultures were incubated at approximately 20° C. for 4 to 5 weeks. 

By the time of inoculation many black perithecia containing mature ascospores had devel- 
oped throughout the grain mixture. A few conidia and immature perithecia had developed in the 
mycelial cultures. The grain mixture and mycelial mats were placed in a Waring blendor and 
covered with water. After being ground for approximately one minute the mixture was strained 
and the suspension sprayed onto plants with a quart-size electric paint sprayer. 

The inoculated plants were kept in a moist chamber, similar to the one described by Kreit- 
low (2), at 15° -20° C. for 4 to 6 days. Disease ratings were based on the number and size of 


lesions. 


Experimental Results and Discussion 


Reaction of the species of Bromus (plants 3 months old) to P. bromi is indicated in Table 1. 
Since the two readings taken 8 and 13 days after inoculation were very similar, the average is 


1 The writers are indebted to J. R. Swallen, Smithsonian Institution, for identification of the species 
of Bromus. 
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Table 1. Reaction of Bromus spp. to Pyrenophora bromi. 


Species : Disease : Species : Disease 
rating? : : rating 
Bromopsis Section Bromium Section 
B. anomalus Rupr. 9.0 B. danthonia 3.4 
B. ciliatus L. 9.3 B. intermedius Guss. 4.0 
B. erectus L. -1b hie B. japonicus Thunb. -1 5.6 
B. erectus L. -2b 9.4 B. japonicus Thunb. -2 ; oe | 
B. frondosus (Shear) B. scoparius L. 2.0 
Woot. & Standl. 9.5 B. mollis L. 6.3 
B. grandis (Shear) Hitchc. 9.0 B. popovi (?) 5.6 
Ceratochloa Section 
B. inermis Leyss. 
var. Manchar 8.9 B. catharticus Vahl. -1 4.8 
var. Lincoln 7.5 B. catharticus Vahl. -2 6.0 
clone (2N = 28) 9.3 B. catharticus Vahl. -3 7.3 
B. laevipes Shear. 10.0 B. haenkeanus Presl. 3.9 
B. orcuttianus Vasey 9.8 B. valdivianus 8.3 
B. sibiricus Drob. 5.0 
7 Eubromus Section 
B. tectorum var. nudus ae 


a0=immune, 10=highly susceptible. L.S.D. (0.5)=1.6; (.01)=2.1. 
bAberrantforms. 


given. Infection occurred on all 19 species representing 4 sections of Bromus. Included were 
15 species in which infection by P. bromi is reported for the first time. The analysis of vari- 
ance indicated highly significant differences in reaction among the species. 

With the exception of B. sibiricus no species in the Bromopsis section was superior to the 
susceptible Lincoln variety of B. inermis. The tetraploid, B. sibiricus, had both fewer and 
smaller lesions than other species in this section. The weedy annual species of the Bromium 
section exhibited a range in reaction from near immunity to intermediate resistance with small 
to medium lesions. The highly significant difference in reaction of the two sources of B. ja- 
ponicus emphasizes the desirability of testing several sources of each species. 

The reaction of the species in the Ceratochloa section varied from moderate resistance to 
moderate susceptibility. The lesions were generally smaller than those on the species in Bro- 
mopsis. Here again significant difference in reaction to the pathogen was attributable to source 
of host. B. tectorum var. nudus, the only representative of Eubromus, was highly resistant. 

Reaction of the seedlings to P. bromi was similar to reaction of plants 3 months old. B. 
sibiricus and the species collected as _B. popovi, however, were highly resistant in the seedling 
stage. B. pumpellianus was highly susceptible. 

To ascertain whether the small lesions on the most resistant species, namely, B. japoni- 
cus-2 and B. tectorum var. nudus, were caused by P. bromi, isolates were obtained from them 
as well as from the susceptible variety Manchar for identification and reinoculation. These 
isolates developed mycelial colonies resembling the original cultures. Inoculations with a 
mycelial suspension of each culture resulted in mild infection on these resistant species similar 
to that produced by the original inoculum. All isolates produced moderate infection on the sus- 
ceptible Manchar variety of smooth bromegrass. Physiologic forms of the fungus were not 
demonstrated. 

These results demonstrate a high degree of resistance to P. bromi in certain species of 
of Bromus. It is unfortunate, however, that none of these species is closely related to B. 
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inermis. In fact, the species with most resistance are weedy annuals and have a diploid chro- 
mosome complement in contrast to the octoploid, B. inermis. Possible crosses among spe- 
cies of the different sections, however, would seem to be worth exploring. The moderately 
resistant tetraploid, B. sibiricus, offers the only source of resistance uncovered in the Bro- 
mopsis section. The variation in resistance in the species included in this study indicates the 
desirability of testing other sources and species of Bromus for possible breeding material. 
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MILDEW OF LUPINES CAUSED BY MICROSPHAERA DIFFUSA 


E. S. Luttrell and J. W. Samples 


In 1951 Thompson (5) reported mildew of blue lupine in the greenhouse caused by Micro- 
sphaera diffusa Cke. & Pk. rather than Erysiphe polygoni DC, which commonly attacks lupine 
in the field (6). Similar infection in a greenhouse at the Georgia Experiment Station during the 
winter of 1953-54 permitted observations on susceptibility to M. diffusa among varieties of lu- 
pine. 

In the fall of 1953 the following varieties of lupine were planted in pots in the greenhouse: Ba 
two varieties of blue lupine (Lupinus angustifolius), Bitter Blue and Florida Sweet Blue; two of 
yellow lupine (L. luteus), White Seeded Yellow and Florida Specked; two of white lupine (L. 
albus), Hasting's Large-Seeded White and Winter Hardy White. The blue lupines were on the 
east bench of the greenhouse; the yellow and white lupines were segregated on the west bench. 
Mildew was observed on the blue lupines in late winter. By January there was considerable 
defoliation, and perithecia were abundant. The white and yellow lupines were apparently not 
infected, but close examination revealed small patches of mycelium bearing perithecia on a few 
of the lower leaves of the yellow lupines. 

On January 19 three pots each of the following were planted; the six varieties of lupine 
planted previously, Kobe lespedeza, sericea lespedeza, Tendergreen snap bean, Roanoke soy- 
bean, and Early Ramshorn cowpea. These were scattered among pots of infected blue lupines 
on the east bench. In addition two pots each of the older non-infected white and yellow lupines 
were moved from the west bench to the east bench. Two weeks after planting the first signs of 
infection appeared on the blue lupine seedlings, and eight days later the lower leaves began to a 
fall. The first perithecia appeared 10 days after the first signs of infection. Progressive se- ne 
vere infection of the new growth and defoliation occurred until March 26, when the last observa- 
tions were made. The mycelium formed a thin inconspicuous coating over the entire surface es 
of the leaves and over large areas of the stems. The perithecia were abundant and distributed g 
uniformly over both surfaces of the leaves and on the stems. Mildew appeared on the yellow ; 
and white lupines about a week later than on the blue lupines. The mycelium was restricted to 
patches on the leaves. Seedlings of both white and yellow lupines showed a moderate degree of 
infection. However, by the time the plants were two months old little infection was apparent 
except on the lower leaves infected during the seedling stage. These produced a few perithecia. 
The older plants of white and yellow lupines moved from the west bench remained free of infection. 
Kobe lespedeza was even more heavily infected at all stages of growth than the blue lupines, 
but little defoliation resulted. Perithecia developed abundantly. Sericea lespedeza was free of 
mildew. Scattered patches of very thin mycelium developed on the leaves and stems of snap 
bean with the early formation of a few perithecia, often before the leaves were fully expanded. 

A reddish-brown discoloration of the leaf and stem tissues appeared beneath the mycelium. 
The disease became more severe as the plants matured. Definite but minor infection of the 
cowpea plants occurred. Only a trace of mildew on a single leaf was found on soybean. Roa- 
noke was probably an unfortunate choice as a test plant since Lehman (3) has reported this va- 
riety of soybean to be resistant to infection with Microsphaera sp. 

Raabe and Sengbusch (4) found little difference in susceptibility to Erysiphe polygoni among 
plants of Lupinus angustifolius, L. luteus, and L. albus. L. mutabilis was the only species 
that showed any degree of resistance. However, these species showed considerable variation 
in susceptibility to Microsphaera diffusa. The blue lupines were highiy susceptible; the white 
and yellow lupines were moderately susceptible in the seedling stage but became highly resist- aa 
ant with age. The yellow lupines appeared to be slightly more resistant than the white lupines. Be: 
Little difference in susceptibility was apparent between the varieties of each species. ” 

The fact that perithecia of Microsphaera diffusa develop on lespedeza in the field in Octo- ~ 
ber (2) suggested that low temperatures may be necessary for their formation. Consequently, 
on February 10, six pots of blue lupine were planted. Two were kept in a warm section of the 
greenhouse, two ina cold section, and two in the warm section during the day and the cold sec- 
tion at nights. The seedlings were surrounded with infected plants. Infection took place on all. 
Perithecia first appeared on February 17 and were abundant by February 27. During the period 
from February 12-22, when the perithecia were developing, temperatures varied as follows: 
in the warm section - minimum 56-80° F., mean minimum 71°, maximum 78-1049, mean 
maximum 94°; in the cold section - minimum 49-63°, mean minimum 58°, maximum 70-93°, 
mean maximum 80°. Apparently, as suggested for Erysiphe graminis by Cherwick (1), fluc- 
tuating temperatures in both the high and low ranges were sufficient to induce the formation of 
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perithecia. 

Although Microsphaera diffusa causes severe infection in the greenhouse, it has never been 
reported on lupine in the field. To determine the course of the disease under natural conditions, 
on February 10, plants in two pots of infected blue lupine seedlings and two pots of older plants 
covered with perithecia were planted in a bed outside of the greenhouse. Four blue lupines free 
of infection were transplanted from a field planting. On February 24 infected plants of Kobe 
lespedeza from a pot in the greenhouse were added to the outdoor bed. There was no further 
infection of new growth from any of the plants. By March 26 all plants appeared to have re- 
covered almost completely. Only patches of weathered mycelium remained on a few of the 
lower leaves. The lespedeza plants were almost completely killed by cold but were putting out 
new leaves at the tips. On April 15 there were signs of new infections on the leaves of lu- 
pine and lespedeza. Pots of infected spreader plants were moved from the greenhouse and 
placed among the plants in the bed. By May 2 all lupine and lespedeza plants, including the blue 
lupines transplanted from the field, were heavily infected, and perithecia were developing abun- 
dantly. Severe infection and defoliation continued until the plants matured and died. It is evi- 
dent that M. diffusa is capable of causing severe infection of blue lupine under field conditions 
during the late growing season, provided a source of inoculum is present. Possibly it will be 
found in lupines planted in the vicinity of lespedeza infected during the preceding fall, if the 
period of warm weather during the latter part of the growing season is sufficient for the natural 
development of inoculum. 
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RELATION OF STAKING AND PRUNING TO THE 
INCIDENCE OF BLOSSOM-END ROT OF TOMATOES! 


Douglas C. Bain? 


During the past two years there was an unusual amount of blossom-end rot (non-parastic) 
in the tomato spray and dust test plots. Information on this disease was obtained, incidental to 
the tests, which was of interest and, possibly of importance. 

The tests were designed to compare the effectiveness of zineb and a copper compound as 
sprays and dusts for control of buckeye (Phytophthora parasitic) rot and soil rots on staked- 
pruned plants and plants not staked but pruned once ("wild"). The plants were set two feet apart 
on 3.5 foot rows. Randomized treatments were replicated five times with 10 plants per plot. 
Treatment rows were separated by a guard row of staked-pruned plants. All plants were 
pruned to two stalks and only the staked ones were pruned two or more times -- as is custom- 
ary. Beginning two to three weeks after setting to the field, the plants were sprayed or dusted 
five times at about 10-day intervals. Control plants were sprayed at the same time with Rho- 
thane. The plots were fertilized with 6-8-8 at the rate of 1200 pounds per acre and were irri- 
gated and cultivated as needed. Tomatoes were harvested four times at the green-wrap stage. 
The tests were carried out in the same manner both years except that Rutgers Variety was used 
in 1953 and Kopiah in 1954. 


Table 1. Incidence of blossom-end rot in cull tormatoes harvested from spray and 
dust plots in 1953-54. 


Treatment 1953 1954 


No.1 : Wo. - No. : Percent : No. : No. : Percent 
culls : blossom- : blossom- : culls : blossom- : blossom- 
endrot : endrot : : endrot : end rot Pe 
1. Staked 58 14 24.1 289 130 45.0 
2 ” 64 22 34.4 150 53 35.3 
3 " 66 20 30.3 234 81 34.6 
4. * 78 17 21.8 233 114 48.9 
5 ” 86 25 29.1 257 136 52.9 
Control 
Average 70.4 19.6 27.8 232.6 104.8 45.0 
6. "Wild" 27 1 3.7 181 32 17.8 
7 ‘a 59 7 11.9 102 16 15.7 
8. ™ 54 0 0.0 135 28 20.7 
9 * 44 2 4.5 147 32 21.8 
10 ” 51 1 2.0 215 29 13.5 
Control 
Average 47.0 2.2 4.6 156.0 27.4 17.5 


1 Treatment No. 1 isthe same as 6, 2as7, andsoon. 


Cursory observations on the incidence of blossom-end rot indicated striking differences. 
Fruits were graded into marketable and cull, and blossom-end rot counts were made among 
culls at each picking. In 1953, there were roughly six times as many diseased fruits on staked- 
pruned plants as on "wild" ones (Table 1), but in 1954 the ratio dropped to slightly over 2:1. 
Although these differences could not be statistically analyzed, they showed definitely that under 
the described conditions there was considerably less blossom-end rot in the "wild' tomatoes. 
Despite differences in disease incidence between treatments in staked-pruned or "wild" plants, 
there appeared to be no correlation of these differences to the two types of plant culture and 
treatments. 


1 Journal Article No. 415, Mississippi Agricultural Experiment Station. 
2 Present Address: Department of Plant Pathology and Physiology, State College, Mississippi. 
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If sudden changes in the rate of transpiration are considered as one of the primary causes 
of blossom-end rot, the high incidence of diseased fruit on staked-pruned plants possibly can 
be accounted for. Since all the plants in the test plots each year were subject to reasonably 
equal conditions with respect to fertilizer, moisture, cultivation, and soil type, these may be 
eliminated as contributing factors. There remains, then, aeration and pruning. Staked-pruned 
plants are about four feet high in our area. This exposes the plants to more and stronger air 
currents. Pruning and staking considerably reduces the shading or mulching effect in the vi- 
cinity of the root area and thus permits rapid loss of soil moisture in a zone where a constant 
supply is most needed. Conversely, "wild" plants are closer to the ground and thus are not as 
exposed to sudden and strong air currents; also, being spread out and not pruned, "wild" plants 
would tend to serve somewhat as a mulch. These two factors, exposure to sudden and stronger 
air currents and lack of mulching, undoubtedly subjected the staked-pruned plants to more sud- 
den and drastic changes in the rate of transpiration which accounted for the higher incidence of 
blossom-end rot. 

If the results reported herein were substantiated by further experimental work, they might 
be of value in control recommendations in areas where plants are staked-pruned and blossom- 
end rot is of economic importance. 


TRUCK CROPS BRANCH EXPERIMENT STATION, CRYSTAL SPRINGS, MISSISSIPPI 
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A NEW PHYTOPHTHORA LEAF AND TWIG 
BLIGHT OF ENGLISH HOLLY IN OREGON! 


Ivan Buddenhagen2 and Roy A. Young 


The commercial production of English Holly, Ilex aquifolium L., in Oregon has increased 
in recent years, and at present the more than 1000 acres in orchards make holly one of Ore- 
gon's important specialty crops. The Pacific Northwest is the principal source of cut English 
holly sold throughout the United States for Christmas greenery, and of holly nurserystock sold 
for landscape plantings. 

A year's study of the diseases of holly has shown that a previously undescribed disease, 
caused by a species of Phytophthora, is the major disease of holly in Oregon. Previous reports 
of holly diseases indicated that Boydia insculpta (Oud.) Grove (1, 4, 5) and Phomopsis crustosa 
Bomm. and Rouss. (3) were pathogenic to holly. Symptoms described were similar to part of 
the symptom complex now known to be induced by the Phytophthora. The disease is new only in 
the sense that it is newly described, for growers report having seen similar symptoms for ~ 
many years, and oospores have been found in diseased herbarium specimens collected as long 
as 20 years ago and filed under other names. The disease is also present in the State of Wash- 
ington and may occur throughout the English holly growing region in the United States and 
Canada. 

The Phytophthora disease consists of black leaf-spotting (Fig. 1), subsequent defoliation, 
and development of twig cankers. Leaf-spotting begins in the lower part of the trees in late 
fall and progresses upward during the winter months. Twig dieback and canker development on 
larger stems occur later in the winter. Infection in the spring may occur at a berry cluster 
some distance from the tip of a twig, and the organism may girdle and kill the twig. In this 
case the leaves turn brown, remain on the twig, and produce a "flagging" effect. Large limb 
and trunk cankers are associated with the other symptoms, but the causal organism has not 
been isolated from such cankers. Young plants in nursery beds are also affected and may be 
defoliated and killed by the pathogen. 


FIGURE 1. Phytophthora 


leaf spot on English holly leaves. 


The disease develops during cool, rainy weather, and subsides during the warm, dry sum- 
mer months. The disease may reach epiphytotic proportions in dense orchards where wind 
movement is restricted. It is especially severe in some orchards in the coastal regions of 
Oregon. In these orchards up to 80 percent of the twigs may become completely defoliated 
(Fig. 2), and serious twig blighting may occur, particularly on lower limbs. 


1 Approved by the Director of the Oregon Agricultural Experiment Station for publication as Techni- 


cal Paper No. 873. 
2 At present at Instituut voor Plantenziektenkundig Onderzoek, Wageningen, Netherlands on Ful- 


bright grant. 
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After the initial leaf-spotting occurs in the 
fall, sporangia are produced on sporangiophores 
which emerge from the stomata on the lower 
leaf surface. The sporangia germinate mainly 
by germ tubes at temperatures near 20° C. and 
by zoospores at lower temperatures. Leaf in- 
fection may occur through leaf-spine punctures, 
and possibly through stomata on uninjured leaves. 
Twig infection occurs through leaf-scars, and 
the pathogen may progress from the twigs into 
larger stems and cause cankers. Oospores are 
formed in leaf-spots and in the cortex of dis- 
eased twigs. It is postulated that the oospores 
are the means of oversummering. 

The Phytophthora pathogen was readily iso- 
lated from newly diseased tissue during the win- 
ter, but was difficult to isolate from long-dis- 
eased tissue. After disease inactivity and 
especially during the summer months, Boydia, 
Phomopsis and many other organisms were re- 
covered from the diseased tissue. All inocula- 
tions with the Phytophthora resulted insymptoms 
identical with naturally occurring symptoms. 
All inoculations with Boydia, Phomopsis, 
Nectria galligena Bres., and other fungi and 
bacteria obtained by isolation were negative. 

Cultural tests indicate that the Phytoph- 
thora belongs in the Syringae group (2), but that 
it is distinct from all previously described spe- 
cies. The fungus grows slowly on potato dex- 
trose agar. Growth in culture occurs from 5- 


FIGURE 2. Holly trees 20° C., with no growth at 25° C. 
defoliated by the Phytophthora Experiments on field control have not yet 
disease. been conducted. Since protection is needed 


during the rainy winter months when holly is 

cut and sold, the protectant should leave no vis- 
ible residue. The failure of the disease to become destructive in young or less dense orchards 
indicates that the disease may be prevented by (1) selection of moderately open and well drained 
planting sites, (2) proper spacing and pruning of trees to permit air movement, and (3) the ap- 
plication of fungicides starting with the advent of cool, rainy fall weather. 
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NEEDLE BLIGHT IN EASTERN WHITE PINE 


Henry I. Baldwin 


The widespread reddening in July 1954 of the foliage of scattered individual white pines 
(Pinus strobus L.) in New Hampshire caused so much concern by land owners that a survey was 
made to ascertain the source of the injury, if possible, and to follow the subsequent history of 
a few selected marked trees. Over 100 white pines of all sizes from 3 to 90 feet highand up to 32 
inches in diameter that showed pronounced symptoms of needle burn were numbered and meas- 
ured in the towns of Allenstown, Amherst, Antrim, Bennington, Chichester, Concord, Deering, 
Francestown, Hancock, Henniker, Hillsboro, Hollis, Hooksett, Hopkinton, Mont Vernon, New 
Boston, Pembroke and Weare during late July and early August 1954. Record was made for 
each tree of diameter, height, height growth during the last three seasons and notes on the soil, 
moisture and other factors that might be suspected of contributing to the observed injury. These 
trees are to be re-examined to determine mortality, recovery, or recurrence of symptoms. 


Symptoms 


Individual trees appeared reddish brown ata distance. Young vigorous trees that had 
abundant 1954 foliage often appeared completely brown, but on close inspection only the 1954 
foliage was affected and of these new needles, only the upper one-third from the tip down were 
browned. Occasionally one-half or more of the needle was affected. All the needles inacluster 
were burned. Trees of all ages and conditions showed the condition, but usually single trees 
only, scattered here and there and rarely associated in groups. Probably not more than one 
tree in one thousand in any one stand was affected but their prominence gave the impression of 


a heavier injury. In all cases the base of the needles in the sheath appeared normal and healthy. 


No signs of fungus or insect attack were to be found. 
Historical 


The so-called needle blight of white pine has been observed frequently in the past. The 
writer has observed it on one tree in particular on the Fox State Forest in Hillsboro, New 
Hampshire many years during the past 21 years. It is prevalent in southern Maine in 1954 and 
has been observed there about 1941, 1920, 1918 and earlier (1). Spaulding (14) described the 
widespread occurrence of this condition in 1907 and 1908 throughout New York and New England. 
He pointed out that the reddish brown color of the foliage was unlike the symptoms of any dis- 
ease. This dead portion fades to a dull brownish gray in 2 to 3 months. The dead portions of 
the needles sometimes break off during winter but usually are intact the next spring and sum- 
mer. The outbreaks occurred about July 1. While he reported that some trees died after two 
or more seasons, most trees recovered. Of 600 trees tagged near Exeter, New Hampshire in 
1907, only 50 percent were again affected in 1908. The recovery of affected trees during the 
extremely dry summer of 1908 was remarkable if drought was the cause. Clinton (4) also re- 
ported outbreaks in 1907 and 1909. No fungus was ever found consistently associated with the 
trouble. He suggested that the injury might arise during hot spells in early spring following 
wet and muggy weather and was due to failure of the roots to supply water rapidly enough to off- 
set loss from the needles. Felt (9) reported the condition in 1937 with deficient root action the 
prime cause. Faull (7) attributed the blight to moisture deficiency and Giissow (11) also in 
Canada, to moisture excess. 

Faull (8) described an extensive outbreak of needle blight in northern Ontario 300 miles 
north of Lake Ontario in 1918 and following summers. The condition had been reported in 1905, 
1908, 1912, 1913 and 1917 also. No pathogen was consistently associated with the symptoms 
and the needle burn could not be induced in healthy branches by fusing them at freshly abraded 
spots with branches showing the burn. In 1919 he discovered that the trouble lay in the roots. 
Absorbing roots were found to be largely dead in blighted trees. Of over 600 marked trees that 
were observed for four years 24 percent of the larger trees (over 6 inches d.b.h.) died during 
this period and 7 percent of the smaller trees. He concluded that young pine stands were not 
likely to be severely depleted by the blight. Felt and Rankin (10) stated that no fungus or in- 
sect was involved and that late frost or winter injury, affecting the older needles produced dif- 
ferent symptoms. They suggested that the injury may reflect previous injury to the root sys- 
tem such as drought in the previous year that would predispose trees to blight in the following 
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year. This theory agrees well with the conditions accompanying the present condition since the 
summer of 1953 was abnormally dry, while 1954 has been wet with frequent light rain. Boyce 
(2) stated that the factor or combination of factors producing the symptoms were still uncertain. 
Felt (9) reported an outbreak in 1937 and believed deficient root action to be the prime cause. 
Campana (6) failed to find evidence that a root fungus, Corticium galactinum, was the cause of 
of needle blight. 


Results of the 1954 Survey 


Over one-quarter of the trees examined were classed as "severe burn". The majority of 
these trees exhibited burn on at least part of the tree extending beyond one-third of the needle. 
Many were classed as of very low vigor. Probably many of these trees will die in the next few 
years but not wholly because of the needle burn. Of these trees 67 percent were found on dry 
sites but only one-half of all trees examined were on sandy soil. 26 percent were found on 
moist sites; 75 percent were partly shaded or had other trees on one side. The prevalence of 
needle burn on trees in moist to medium moist sites suggests that a dry site per se does not 
initiate needle burn but there is little doubt that it intensifies the symptoms. The severely 
burned trees were almost entirely of smaller diameters, three quarters of them below 10 inches 
d.b.h. while only one-half of all trees examined were in this diameter group. Again current 
years height growth could not be associated with severe attack. Almost equally many trees 
were classed as "severe" and "light'' attack in each group of height growth. 

The percent of trees showing the néedle blight in young seedling and sapling stands was de- 
termined in connection with revision of white pine weevil survey plots where every tree on one- 
fourth acre rectangular plots was tallied. 


Total No. Trees No. Blighted Percentage 
Plot 3 Hillsboro 436 5 1 | 
"25 406 14 3.4 


None of these trees was classed as "severe'' and many were extremely lightly affected. 
Based on general observation in the towns surveyed it is probable that a much lower percentage 
of all pines shows the symptoms. 


Conclusions 


Based on the limited area and small number of trees examined, the following conclusions 

may be drawn: 

1. The injury was limited to white pine. 

2. A very small proportion of all trees was affected. 

3. Trees exhibiting the symptoms were scattered at random, with branches often 
intermixed with trees entirely unaffected. 

4. Affected trees were found on all types of soil and moisture conditions, exposure 
and shade. The mostsevere symptoms were found predominantly in young trees on 
exposed dry sites. 

5. While overtopped and shaded trees were found suffering from blight, on any 
individual tree the most severe burn was to be found in the upper part of the crown. 
In some cases some needles on lower branches were unaffected. 

6. The foliage of the current year only was affected and then mostly the apical one- 
third of the needle only. In severe cases one-halfor moreofthe needle was 
reddened. Rarely evidence of previous blight could be found on last years needles. 
The most prominent reddening was found on trees having abundant new 
foliage that masked the green of older foliage. 

7. While more obvious on the edges of stands and along raodsides, the blight was 
found on trees in dense stands. 

8. The conclusion reached by earlier investigators that the blight is related to 
deficient root action resulting from drought injury in the previous year is sub- 
stantiated by the drought that occurred in 1953 in this region. The spring and 
summer of 1954 on the contrary have been moist with frequent rainfall. This 
has resulted in very j,xuriant top growth with excessive demands on the roots 
during hot dry days when the transpiration rate of the succulent new foliage was high. 
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NEW RECORDS AND BRIEF NOTES 


RED STEM GALL OF CASTORBEAN 
CAUSED BY SYNCHYTRIUM IN TEXAS By D. Donald Poole! 


A stem gall disease of castorbeans, Ricinus communis L., apparently not previously re- 
ported, was observed on the variety Cimarron in a commercial nursery at Cameron, Texas. 
The causal organism has been tentatively identified as a Synchytrium species. 

The most prominent symptoms of the disease were found on the stems, petioles and leaf 
blades of small seedling plants as small red galls, about 1-4 mm. in diameter (Fig. 1). 


FIGURE 1. Red stem gall 
of castorbeans. The plant on the 
left is a naturally infected plant, 
the one on the right, is of the same 
age but uninfected. 


In most cases these galls were in such close proximity that they appeared to form a cylinder of 
hyperplastic tissue around the plant part affected. Individual galls each contained a single 
sporangium or resting spore depending on the stage of development. Stunting and chlorosis 
accompanied these symptoms; but were probably caused by poor drainage rather than disease. 
Damage to the field was slight; only plants grown in poorly drained areas where water has 
stood a period of days, seemed to be affected. 
FIELD CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, U. S. 
DEPARTMENT OF AGRICULTURE AND THE TEXAS AGRICULTURAL EXPERIMENT 
STATION 
1 Agent, Plant Pathologist, College Station, Texas. 


HELMINTHOSPORIUM GOSSYPII ON 
COTTON IN SOUTH CAROLINA By C. H. Arndt 


During the third week of May 1954, young cotton plants 10 to 25 cm. in height with small 
reddish spots, 0.2 to 0.5 mm. in diameter, on the upper surface of the lower leaves were sent 
to Clemson College for diagnosis by the county farm agent of Allendale County. He reported 
the reddening of the leaves as noticeable in a number of the fields in the county. The appear- 
ance of the lesions as well as that of the conidiophores and spores corresponded to those described 
by Tucker for Helminthosporium gossypii (Jour. Agric. Res. 32: 391-395, 1926). The spores 


| 
| 
| 
| 


- of 


Vol. 38, No. 10--PLANT DISEASE REPORTER--Oct. 15, 1954 729 


were not abundant, and their pathogenicity was not demonstrated by inoculations. 

These spots became evident after two weeks of unseasonably cool and dry weather, al- 
though there had been sufficient rainfall to result in infection of 5 to 10 percent of the older 
leaves by the angular-leaf spot bacterium. 

DEPARTMENT OF BOTANY, SOUTH CAROLINA AGRICULTURAL EXPERIMENT 

STATION 


DYING OF ORCHARD GRASS IN 
SOUTHERN PENNSYLVANIA By J. H. Graham 


During May 1954, Dr. R. S. Kirby, called the attention of the writer to reports of orchard 
grass killed during the previous winter. Collections were made in Cumberland and Franklin 
Counties and a specimen was received from Bedford County. The diseased areas, usually in 
pastured fields, varied from the size of individual plant crowns to irregular-shaped areas 6 to 
8 feet in diameter and usually had distinct borders. Frequently most of the orchard grass 
plants in an area were dead. Occasionally single, small green tillers, which appeared to be 
growing normally, arose from the bleached crowns. White clover and bluegrass within the 
areas were not affected. 

The location of the dead areas could not be correlated with drainage, soil type, or fertili- 
zation practices, but were scattered more or less at random. The roots and crowns appeared 
to be relatively free of insects. 

Examinations were made for possible pathogens. Because the plants had been dead for 
some time, most of the isolates were saprophytes. Organisms found which might have killed 
the orchard grass were: Fusarium spp., Rhizoctonia sp., Pleospora sp., Phoma sp., and two 
Basidiomycetes. One of the Basidiomycetes produced strands of mycelium 7 to 9 microns 
wide and the other strands 2 to 3 microns in diameter bearing numerous hyaline, Oval conidia, 
approximately 3 x 4 microns. Preliminary inoculations indicate that one of the Basidiomycetes 
may be the primary causal agent. Further studies are planned. 

U. S. DEPARTMENT OF AGRICULTURAL, AGRICULTURAL RESEARCH SERVICE, 

REGIONAL PASTURE RESEARCH LABORATORY, STATE COLLEGE, PENNSYLVANIA 
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HEAVY VY |. 


The terms used in the accompanying maps, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time. Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture at a glance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a given time 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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